possibility that additional mechanisms could underlie the observed alterations in adult behavior. Indeed, Berg et al. (2015) report a microcephaly phenotype in JAKMIP1 KO mice, while a previous study observed altered neocortical neuronal migration following knockdown of JAKMIP1 in utero (Vidal et al., 2012) , suggesting roles for JAKMIP1 in neurodevelopmental processes. Earlier studies also reported that JAKMIP1 could bind to GABA receptor mRNA and protein, indicating that GABA receptor signaling could be altered in these mice (Couve et al., 2004; Vidal et al., 2009 ). As such, future efforts will be required to fully understand the basis of the behavioral defects arising from loss of JAKMIP1.
Similarly, the exact role(s) of JAKMIP1 in regulating neuronal translation remain unclear. The association of JAKMIP1 with mRNP particles and mRNAs, together with earlier reports indicating that JAKMIP1 associates with the microtubule motor protein kinesin-1 and is mobile in dendrites (Vidal et al., 2007; Vidal et al., 2012) , suggest that JAKMIP1 is involved in mRNA transport to synaptic sites; however, this possibility has not yet been formally tested. Likewise, the ribosomal association of JAKMIP1, reduced protein synthesis observed in JAKMIP1 KO neurons, and reduced polysome association of PABPC1 and DDX5 suggest possible defects in ribosome function. Thus, whether a general defect in cellular protein synthesis or a more specific effect on local synaptic translation is responsible for the cellular and behavioral phenotypes of JAKMIP1 KO mice remains an open question.
While further efforts will be necessary to fully understand the details of JAKMIP1 function, Berg et al. (2015) have made a major contribution to our understanding of JAKMIP1 biology, establishing this protein as a critical regulator of mRNA translation in the mammalian brain (Figure 1) . Furthermore, the authors have uncovered numerous molecular, cellular, and electrophysiological defects in JAKMIP1 KO mice leading to ASD-related phenotypes. This novel ASD model reinforces the role of neuronal translation in ASD etiology and provides a platform for further study of these processes. JAKMIP1 likely also serves as a convergence point for a subset of molecules or pathways relevant to ASD, as well as itself regulating multiple processes important for neuronal function.
The microtubule cytoskeleton is a major determinant in neuronal polarity. In this issue of Neuron, van Beuningen et al. (2015) now report that TRIM46 forms parallel microtubule bundles in the proximal axon and reveal that it is crucial for the establishment and maintenance of neuronal polarity.
Differentiated neurons are highly polarized cells, compartmentalized into two distinct domains: the somatodendritic compartment, which receives and processes incoming information, and the axon, which transmits the information to target cells. The first step leading to the architectural polarization observed in mature neurons is the sprouting of several short neurites from a spherical neuron. Of these neurites, one will grow longer than the others and become the axon, while the other neurites will become the dendrites (Cá ceres et al., 2012; Takano et al., 2015) . Previous studies have shown that the neuronal cytoskeleton plays a major role in the establishment and maintenance of neuronal polarity (Hoogenraad and Bradke, 2009 ). In particular, the stabilization, bundling and plus-end out orientation of microtubules in the axon are key events in neuronal polarization (Baas and Lin, 2011; Witte and Bradke, 2008) . Therefore, the identification of factors regulating axon specification and neuronal polarity by organizing the axonal microtubules is under intense investigation. In this issue of Neuron, van Beuningen et al. (2015) show that the tripartite motif-containing (TRIM) protein TRIM46 specifically localizes to the proximal axon, where it forms microtubule bundles oriented with their plus-end pointing outward, thus contributing to the establishment and maintenance of neuronal polarity ( Figure 1) .
In an effort to find new factors that may contribute to neuronal polarization, van Beuningen et al. (2015) found inspiration from previous studies describing the immunoreactivity of autoimmune antibodies with the axon initial segment (AIS) in cerebellar sections (Sabater et al., 2013; Shams'ili et al., 2009 ) and combined biochemical and mass spectrometry approaches to identify TRIM46 as the axon-specific antigen. Detailed analysis with direct stochastic optical reconstruction microscopy (dSTORM) imaging elegantly showed that TRIM46 colocalizes in the proximal axon with microtubule bundles, but not AIS proteins. Consistent with the dSTORM images, TRIM46 does not physically interact with proteins of the AIS in pulldown experiments, suggesting a unique position and potential function for TRIM46 in the AIS and neuronal polarization.
TRIM46 belongs to the C-I TRIM subfamily of the N-terminal RING finger/ B-box/coiled-coil (RBCC)/TRIM superfamily (Short and Cox, 2006) . Proteins of this subfamily have an N-terminal RBCC domain, a unique C-terminal subgroup one signature (COS) box and a C-terminal FN3 and B30.2-like domain. To determine how TRIM46 localizes to the proximal axon domain, van Beuningen et al. (2015) used deletion constructs and found that the RING finger and the COS box are required for the axon-specific localization of TRIM46, but the potential E3 ubiquitin ligase activity and the folding status of the RING finger do not affect the proper localization of TRIM46. Depolymerization of microtubules with nocodazole reduced the axonal localization of TRIM46, suggesting that microtubule association facilitates axon localization. Yet, the TRIM46 mutant lacking the RING finger is still able to associate with microtubules, likely via the COS box as it mediates microtubule association in non-neuronal cell lines but does not localize to the axon. Hence the link between microtubule binding ability and axonal localization awaits further study.
The specific localization of TRIM46 in the proximal axon might reflect its contribution in the establishment and maintenance of neuronal polarity. In unpolarized neurons in vitro, TRIM46 is absent in all the minor neurites but is observed in a single neurite before the future axon grows out. In many neurons TRIM46 localizes to the neurite even before axon specification and AIS assembly, which makes TRIM46 a potential marker for neuronal polarization. Disruption of TRIM46 expression by shRNA in developing neurons markedly reduced the polarized distribution of Ankyrin G (AnkG) ( Figure 1A ). Pharmacological microtubule stabilization with low doses of taxol is sufficient to induce supernumerary axons in dissociated unpolarized hippocampal neurons (Witte and Bradke, 2008) . Therefore, microtubule stabilization increases the number of neurites per van Beuningen et al. (2015) found that the microtubule-associated protein TRIM46 localizes to the proximal domain of the axon, where it forms parallel microtubule arrays required for the initial axon specification and for the maintenance of neuronal polarity. Indeed, depletion of TRIM46 alters the orientation of microtubules, the distribution of Ankyrin G in developing neurons and the distribution of Dephospho-Tau (antibody clone PC1C6) in polarized neurons.
cell positive for TRIM46 and AnkG and time course analysis confirmed that TRIM46 localizes to the proximal segment of these neurites before AIS formation. In addition to the in vitro studies, van Beuningen et al. (2015) analyzed the effects of TRIM46 loss on axon formation and neuronal polarity in vivo, by reducing TRIM46 expression in utero. A detailed analysis of neuronal morphology showed that TRIM46, in particular its RING finger domain, is essential for the generation of a typical axon process.
In mature neurons, the AIS is the place where the nerve impulse is generated, and it acts as a barrier that differentiates the somatodendritic and axonal compartments, contributing to the maintenance of neuronal polarity (Leterrier and Dargent, 2014; Rasband, 2010) . Indeed, mature axons change their identity into dendrites when the AIS is disassembled by knockdown of its major component, such as the scaffolding protein AnkG (Rasband, 2010) . To determine whether TRIM46 controls neuronal polarity in differentiated neurons, van Beuningen et al. (2015) knocked down TRIM46 in already polarized neurons. They found that the loss of TRIM46 only partly affects the integrity of the AIS but significantly alters the polarized distribution of axonal and dendritic markers as well as the axonal morphology ( Figure 1B) . Thereby, TRIM46 is an essential factor for AIS assembly but not for its maintenance.
To better understand how TRIM46 controls the maintenance of neuronal polarity, van Beuningen et al. (2015) combined studies performed in non-neuronal cell lines and neurons, using live-cell imaging, laser-based microsurgery, electron microscopy, dSTORM, and fluorescence recovery after photobleaching (FRAP) studies. Expression of TRIM46 in cell lines induced bundling of microtubules oriented with their plus-end outward with microtubule plus-end dynamics taking place at the tip of TRIM46-formed bundles. By analyzing the growth of plusend tracking protein (+TIP) comets formed following laser severing of TRIM46 microtubule bundles, van Beuningen et al. (2015) found that +TIP comets moved in one direction, suggesting that TRIM46 builds parallel arrays of microtubules. As these findings were obtained in non-neuronal cell lines expressing an exogenous construct, it will be interesting to test whether purified TRIM46 is sufficient to reconstitute similar microtubule arrays in vitro. When examined in cultured neurons, FRAP approaches showed that TRIM46 forms a stable compartment in the proximal axon but is not required for microtubule stability. Indeed, depletion of TRIM46 in polarized neurons alters the orientation of +TIP comets, suggesting that TRIM46 maintains polarity in mature neurons by controlling the orientation of microtubule bundles.
To analyze whether the parallel microtubule organization provided by TRIM46 plays a role in axonal trafficking, van Beuningen et al. (2015) imaged neurons depleted of TRIM46 with two different approaches: live-cell recordings of an inducible cargo trafficking assay (Kapitein et al., 2010) and high-speed live-cell microscopy of axonal vesicles. As TRIM46 knockdown only partly affects the AIS composition in mature neurons, the results obtained with these approaches mainly reflect the role of TRIM46 in the orientation of microtubules. Although depletion of TRIM46 did not influence the polarized trafficking of kinesininduced peroxisomes, the mixed orientation of microtubules altered the cargo behavior, which displayed a reduced axonal targeting and an increased number of stalled vesicles and bidirectional movements.
Given the striking changes seen with loss of TRIM46 as well as its localization, van Beuningen et al. (2015) examined its potential relationship with the generation of structural hallmark of the AIS, the presence of closely spaced microtubule fascicles seen in cross section via EM as rings connected by filaments or ''crossbridges'' (Leterrier and Dargent, 2014) . The authors found that expressing TRIM46 in HeLA cells led to the presence of multiple clusters of perpendicular microtubule bundles interconnected by thin cross-bridges. Hence, it suggests that TRIM46 helps promoting this unique AIS-like microtubule organization. Electron microscopy studies in cultured neurons obtained from TRIM46 transgenic mice or knockout mice in vivo could further clarify the role of TRIM46 in the establishment of this structural hallmark of the AIS.
In addition to the microtubule cytoskeleton, actin may also play important roles at the AIS (Kevenaar and Hoogenraad, 2015; Rasband, 2010) and actin-microtubule crosstalk in neurons has been suggested to be required for cytoskeletal dynamics (Coles and Bradke, 2015) . Therefore, it would be very interesting to study whether TRIM46 activity also affects actin organization and whether modulation of the actin cytoskeleton affects the localization of TRIM46.
The present work also leaves open questions as to the role of TRIM46 in axon regeneration. As microtubule stabilization after injury promotes axon regeneration and functional recovery after CNS injury (Ruschel et al., 2015) , it would also be interesting to test whether TRIM46 could have further beneficial effects on regeneration, by modulating the microtubule cytoskeleton at the proximal axon.
In summary, the work of van Beuningen et al. (2015) demonstrates that TRIM46 forms closely spaced parallel microtubule bundles in the proximal axon and plays a major role in the axon specification and in the control of neuronal polarity. The generation of transgenic animals will contribute to further investigate the role of TRIM46 and future studies will be required to understand whether other members of the RBCC/TRIM family have a role in the organization of the neuronal cytoskeleton or in neuronal polarity as well. Previous work has shown that in unpolarized neurons, microtubules are uniformly oriented with their plus-end out in all the newly formed neurites (Baas and Lin, 2011) . Might other TRIM proteins have a role in the organization of parallel microtubule arrays in these immature processes? Could a single TRIM protein be expressed in a spatiotemporal fashion to regulate the initial microtubule parallel organization? The identification of TRIM46 as a regulator of neuronal polarity opens an exciting new pathway for exploring how microtubule organization orchestrates neuronal polarization.
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